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Motivation 





Large area environmental monitoring (_ gy Industrial Leaks 
— D 


— le 


e Early warnings in critical situations 





e Fixed infrastructure too expensive 


e Few fixed sensor nodes and many low-cost, 
moveable wireless sensors 
Moveable 


e Orientation insensitive communication L. wireless 
e Applications | Network Node Sensors 


— Forest fires 
— Industrial gas leaks 
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Additive Manutacturing-Low Cost 





3D Inkjet Printing 
* Layer resolution of 16 um. 


e Widths and gaps of around 300 um. 
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Additive Manufacturing-Low Cost 
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Near Isotropic Antenna Design 





* 3D orientation of 1.5 dipole to achieve near isotropic radiation 
* The dipole has been fitted on a small cube with sides of only 0.16A in length 


* Implementation in the form of a cube for embedding transmitter electronics 


Antenna 
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2 cm x 2 cm x 2 cm 
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Near Isotropic Antenna Design 





e Meandered structure for compactness without affecting radiation efficiency 


e Radiation from currents in different directions add up to make a near isotropic 


pattern 


e Antenna performance not affected by the embedded electronics 
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Near Isotropic Antenna Design 





Impedance Characteristics 
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RF Measurements 





-60 


60° , -70 


75° 
-80 
90° 


-90 


cu 
o 
O 


Received Power, dBm 





4 
— 
ce 


20 40 60 80 100 
Distance, m 





— Xy-plane 
— xz-plane 


KAUST King Abdullah University of Science and Technology 9 


Wireless Sensor Node System Design 
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Moveable wireless sensor node 


KAUST King Abdullah University of Science and Technology 


a | VOLTAGE 
















MICROELECTRONICS 


TRANSMITTER 


DIVIDERS N P MEMORY 
x Sd 
coc! | MICROCONTROLLER 

















Wireless Sensor Node Assembly 
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Humidity Sensor 





3D-printed air capacitor for humidity sensing 








Air Channel 
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Resistive sensor using inkjet-printed 
conductive polymer PEDO:PSS 


Resistance, MQ 





PEDOT:PSS PEE v 






-20 0 20 
Temperature, "0 


40 60 


Humidity Effect 


139 40 60 80 100 
KAUST King Abdullah University of Science and Technology Relative Humidty (RH), % 


Fabrication Steps 
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Wireless Tests 
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Conclusion 





* Demonstration of 3D-printed antenna for orientation insensitive 
communication 


* Demonstration of 3D-printed fully integrated wireless sensor node 


e Additive manufacturing techniques are promising for realizing fully 
integrated low-cost electronics 


* Further advancement by including an energy harvesting capability 
such as solar cells or RF to prolong the life of the sensor nodes 


KAUST King Abdullah University of Science and Technology 17 


